Background: Overweight and obesity prevalence is the highest at age 65-75 years in Lausanne (compared with younger classes). We aimed to describe 1) eating habits, daily physical activity (PA), and sports frequency in community-dwelling adults aged 65-70, 2) the links of these behaviors with socio-economic factors, and 3) with adiposity.
Background
In Switzerland, the prevalence of overweight and obesity has increased in all age groups between 1992 and 2007 [1] ; in the city of Lausanne, it was the highest in age group 65-75 years in 2005, compared to younger groups, reaching a total prevalence of 73% among men, 53% among women [2] . This difference by age was also observed in the Swiss Health Survey 2012, a nationwide study using self-reported height and weight: the prevalence with body mass index (BMI) ≥25 kg/m 2 reached 56% at age 65-74 years [3] . Overweight and obesity are important risk factors for chronic diseases and disability [4] . The youngest old deserve special attention because while the risks of obesity, chronic diseases, and disability are still present at this age, this population bears the additional risk of malnutrition, frailty [5] , and sarcopenia [6, 7] . In obese older adults, improving dietary habits and increasing physical activity (PA) appear to be the most effective strategies in helping to decrease body weight and improve function and survival [4, 8, 9] . PA has the potential to reduce the risks of both obesity [10] and sarcopenia [11] . To our knowledge, most randomized controlled trials focus on increasing the frequency of sports sessions, while increasing PA in everyday life in the long term is less often the target. In addition, participants are rarely asked in observational studies on PA if they usually climb stairs in their daily life.
In this context, it is important to have a more precise picture of how persons of the general population aged 65 to 70 years eat and expend energy, and how these behaviors are affected by socioeconomic factors. According to our literature review, the associations of eating habits and PA with socioeconomic position and adiposity have not been explored in detail in this age range. A positive link between socioeconomic level and PA has been described [12, 13] in older adults. Concerning dietary habits, a Swiss study (CoLaus) in the same city has recently observed that the nutritional recommendations were only slightly followed in the general population (age range 40-82 years at follow-up) [14] : only 39% and 7% complied with the Swiss recommendations for fruit (≥ 2/day) and vegetables (≥ 3/day). Many studies in young adults have observed that nutrition knowledge and compliance with dietary guidelines have positive relationships with female sex, marital situation [15] , high socioeconomic position [12] , and higher fast food prices [16] . In Switzerland, a link between overweight and obesity and low education status has been observed in four cross-sectional National health surveys using representative samples of the Swiss population aged 18-102 years [1] ; however differences in financial resources were not taken into account in this analysis. Changes in body composition are observed with advancing age [8, 17] , highlighting the need to monitor adiposity trends with several indicators, including BMI and waist circumference (WC) [18] . Although sophisticated methods exist for exploring adiposity, simple measures such as anthropometric indicators are useful for routine clinical practice and public health surveillance.
The present article aims to identify a hierarchy in prevention efforts: diet, versus PA; and daily PA versus sports frequency. We hypothesized that the youngest old with more or less healthy eating habits, daily PA, and sports frequency would have different anthropometric adiposity values. Our aim was to describe 1) eating habits, daily physical activity (PA), and sports frequency in community-dwelling adults aged 65 to 70, 2) the links of each of these behaviors with socioeconomic factors, and 3) with adiposity.
Methods

Study design and participants
The Lausanne cohort Lc65+, a study of the manifestations, determinants and outcomes of frailty [19] , recruited individuals aged 65-70 in 2004, stemming from a representative sample of the general non-institutionalized population living in Lausanne (random sample from the list of all inhabitants given by the Population Office). The design of Lc65+ has already been described [19] . The ethics committee of the Faculty of Biology and Medicine of the University of Lausanne has approved the protocol. All participants provided written informed consent. Persons living in institutions or unable to respond because of advanced dementia were excluded. Of the 3,056 people who were initially mailed questionnaires, 2,096 (69%) replied, of whom 1,564 (75%) agreed to participate [19] . Overall, nonparticipants had demographic characteristics similar to those of participants [19] ; only 8% of those refusing to participate attributed their refusal to poor health, and 58% had "a general reluctance to participate in any survey". Of the 1,564 respondents to the initial questionnaire, 1,524 (97.4%) were still eligible, and 1,422 (93.3%) participated in the baseline assessment in 2005 [5, 19] . This report is based on a cross-sectional analysis of the cohort at baseline . Eating habits [20] and PA could be influenced by cognitive impairment. Therefore, 162 persons with Mini-mental State Score <24 [21] (n = 49) or missing (n = 113) were excluded and 1,260 participants remained in this analysis.
In 2004, all participants completed a questionnaire sent at home; in 2005, they underwent the assessment at the study center with an interview, measurements, and performance tests conducted by trained medical assistants.
Eating habits and physical activity
A selection of 8 items stemming from the Mini Nutritional Assessment (MNA) [22] , and describing eating habits was asked to the study population. The MNA is a widely used tool for assessing the risk of malnutrition in older adults [22] .
The following MNA questions were selected (Tables 1  and 2 ): A) How many full meals do you eat daily? 1) 1 meal; 2) 2 meals; and 3) 3 meals. B) Do you consume at least one serving of dairy products per day? 1) yes; 2) no. C) Do you consume at least two servings of legumes or eggs per week? 1) yes; 2) no. D) Do you consume meat, fish or poultry every day? 1) yes; 2) no. E) Do you consume two or more servings of fruits or vegetables per day? 1) yes; 2) no. F) Do you have a loss of appetite? 1) yes, severe; 2) yes, moderate; 3) not at all. G) How many drinks do you consume per day (water, juice, coffee, tea, milk, wine, beer, soup…)? 1) less than 3 glasses (1 glass = 2 dl.); 2) 3 to 5 glasses; 3) more than 5 glasses. H) Do you view yourself as being well fed, as having no nutritional problem? 1) severe malnutrition; 2) does not know or moderate malnutrition; 3) no nutritional problem. The 8 items' distributions are shown in Table 1 .
Since the MNA does not include any quantitative assessment of total energy intake, only three questions entailing indirect (however incomplete) information about energy intake were kept for multivariate analyses of the associations between diet and PA and adiposity indicators. In order to have a simple binary variable summarizing protein intake in these analyses, "sufficient protein intake" was defined if the participant reported eating meat, fish or poultry every day, or as an alternative, if he consumed dairy products ≥ once a day and eggs or leguminous plants ≥ twice/week. PA was assessed with 2 main questions, described hereafter: daily PA and sports frequency ( Table 3 ). This measurement of PA based on two questions has been adapted from the Monitoring of Trends and Determinants in Cardiovascular Disease Physical Activity Questionnaire [23, 24] to suit activity patterns of individuals aged 65-70. In order to compare daily PA and sports frequency with respect to their association with adiposity, a four-category variable named "Daily PA and sports" combining both variables was created: "daily PA and sports" is a combination of a 4-category ordered variable (daily PA, further dichotomized around use, versus avoidance of stairs and loads) and a binary variable (sports frequency): A) Daily PA: "Which statement best describes your current daily physical activity? 1) I am sitting or lying most of the time and I am not moving much; 2) I often walk, but I avoid taking stairs and carrying loads; 3) I often walk and I take stairs, I carry light loads; and 4) I make an important physical effort, I often carry heavy loads." In the Figure 1 and in Table 4 , categories 1) and 2) of daily PA are aggregated and labeled "No stairs"; categories 3) and 4) are aggregated and labeled "Stairs". B) Sports frequency: "How often do you play sports for at least 20 minutes (for example, gymnastics, tennis, running, football, biking…)? <1x/week; versus ≥1/week.". "No sport" is the label for sports frequency <1×/week in the Figure 1 and in Table 4 . "Sports weekly" is the label for sports ≥1×/week. Therefore, the 4 categories of variable "Daily PA and sports" are: I) no stairs, no sport, II) no stairs, but sports weekly, III) stairs, but no sport, and IV) stairs and sports weekly.
Adiposity indicators
Height, weight, supra-iliac skin-fold (SISF), triceps skinfold (TSF), waist (WC), and hip circumferences were measured without shoes. Weight was assessed with a digital SECA scale. The standard procedure recommended in NHANES III [25] was followed. WC was measured at the level midway between the lowest rib and the highest point of the iliac crest. Hip circumference was recorded as the maximum circumference over the buttocks. Skin-folds were measured with a GPM® caliper on the dominant side. Overweight and obesity were defined according to body mass index (BMI = 25.0-29.9 kg/m 2 and ≥30.0 kg/m 2 ). Abdominal obesity was considered if WC was ≥102 cm for men and ≥88 cm for women [26] .
Other Covariates
Potential confounders of the diet-adiposity relationship or the PA-adiposity association are shown in Table 1 and adjusted for in multivariate models (Tables 3 and  4) : age, living arrangement (living alone, 0/1), financial difficulties, symptoms of depression, education, and smoking status are known to be associated with eating habits [15, 27, 28] , PA (as independent variables) [12, 29] , and adiposity (as the dependent variable) [8] . The educational level entitled "high school or more" includes high school, professional school, or university. Living alone was assessed by the question: "With how many persons are you currently living? 1) I am living alone; 0) I am living with … persons". Financial difficulties was a variable of interest for objective 2 (the cross-sectional association between eating habits, PA, and socio-economic factors), and a potential confounder for objective 3. It is defined in the footnotes of Tables 1, 2, 3, and 4. Current symptoms of depression were considered for the participants who had answered "yes" to at least one of two screening questions [30] : "During the past month have you often been bothered by feeling down, depressed, or hopeless?" and "During the past month have you often been bothered by little interest or pleasure in doing things?" Since eating habits, PA, and adiposity indicators differ between men and women [31, 32] , all analyses are stratified by sex.
Statistical analyses
Results were expressed as absolute numbers and percentages. Bivariate comparisons were performed using the chisquare test or Fisher exact test for categorical variables. Table 2 shows multivariate logistic regression analyses of the cross-sectional associations between eating habits and age, living arrangement, financial difficulties, symptoms of depression, and education. Table 3 shows multivariate logistic regression analyses of the cross-sectional associations of "daily PA" and "sports weekly" with age, living arrangement, financial difficulties, depressive symptoms, education, and current smoking. Table 4 shows multivariate linear regressions of the cross-sectional associations of each of five anthropometric adiposity indicators with eating habits and PA. Eating habits and PA are simultaneously included in the same model. Since residuals had skewed distributions, all adiposity indicators were log-transformed. All potential confounders included in the adjustment are shown in Table 4 . Statistical analyses were performed using Stata 12 software (Stata Corp, College Station, TX).
Results
Eating habits and PA
The prevalence of underweight (BMI < 18.5 kg/m 2 ) and normal weight was 0% and 23% among men, respectively 3% and 39% among women. Overweight and obesity prevalence was 53% and 24% among men, 35% and 23% among women. Abdominal obesity prevalence was 45% (both sexes). The prevalence of normal weight central obesity (BMI <25.0 kg/m 2 and WC ≥ 102 cm for men, ≥ 88 cm for women) was 0.0% among men, and 2.2% (16/736) among women. The prevalence with BMI < 25.0 kg/m 2 and WHR ≥ 66th gender-specific percentile was 2.3% in men and 5.0% in women (Table 1) .
According to Table 1 , 81% of men and 90% of women ate fruit or vegetables (FV) ≥2×/day (chi-square P < 0.001). 5% of both men and women reported moderate appetite loss and 4% moderate malnutrition (or unawareness of their own nutritional state).
Concerning physical activity (PA) in daily life, a higher proportion of women (25%) avoided using stairs or carrying loads than men (20%, chi-square P = 0.003). About half of men and women played sports <1×/week, without any significant sex difference. Women more frequently lived alone (47% vs. 19%, chi-square P < 0.001) and more often experienced symptoms of depression than men (28% vs. 19%, chi-square P < 0.001). Financial difficulties (about one quarter) and smoking (about one fifth) were equally distributed among sexes.
Links of eating habits and physical activity with socio-economic factors
According to Table 2 , eating FV ≥ twice/day was negatively associated with financial difficulties and positively with education. Among men, eating 3 meals per day was significantly negatively associated with financial difficulties (OR = 0.6, 95% CI = 0.4-0.9). Among women, eating meat, fish, or poultry every day was positively related with being younger (OR = 1.1, 95% CI = 1.0-1.2 for each additional birth year); but very strongly negatively with living alone (OR = 0.5, 95% CI = 0.4-0.7). Men living alone were less likely to eat FV ≥2×/day (OR = 0.5, 95% CI = 0.3-0.9). Self-perception of malnutrition was strongly associated with living alone in both sexes. In men, this perception was also associated with financial difficulties (OR = 3.2, 95% CI = 1.2-8.7). Symptoms of depression were strongly associated with appetite loss in both sexes and with perception of moderate malnutrition in women (OR = 3.8, 95% CI = 1.7-8.5). Table 3 shows that both daily PA and sports weekly have strong and significant negative links with financial difficulties Financial difficulties were considered if any of the following criteria was fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance). § Participants who had stopped smoking before less than one year are considered current smokers in the analyses. Multivariate logistic regression analysis; one separate model for each sex; approximate N = 507 for men, 724 for women. *P < 0.05; **P < 0.01; ***P < 0.001. † Financial difficulties were considered if any of the following criteria was fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance). ‡ "Sufficient protein intake" was defined if the participant reported eating meat, fish or poultry every day, or as an alternative, if he consumed dairy products ≥ once a day and eggs or leguminous plants ≥ twice/week. Financial difficulties were considered if any of the following criteria was fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance). ‡ Participants who had stopped smoking before less than one year are considered current smokers in the analyses. *Interaction.
in both sexes, and significant positive links with educational level in women only; however the interaction was not statistically significant. Unlike women, men living alone were significantly less likely to use stairs and carry light loads in their daily life than men living with someone (OR = 0.5, 95% CI = 0.3-0.9). No sex interaction reached significance. Sports weekly, but not daily PA, had strong significant negative links with current smoking in both sexes. Across the 4 categories of variable "Daily PA and sports", there was a gradual decrease in the prevalence of participants living alone, experiencing financial difficulties, depressive symptoms, current smoking, and a gradual increase in educational level. The test for trend P-value was statistically significant (P < 0.05) for all above mentioned associations (Additional file 1).
Links of eating habits and physical activity with adiposity
The Figure 1 shows univariate associations between each adiposity indicator and variable "Daily PA and sports". Men had higher BMI, WC, and waist-to-hip ratio (WHR) Financial difficulties (diff.) are considered if any of the following criteria is fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance). § Participants who had stopped smoking before less than one year are considered current smokers in the analyses. *P < 0.05; **P < 0.01; ***P < 0.001. mean values than women. In contrary, women had higher SISF and TSF mean values than men. For all five adiposity indicators and in both sexes, a progressive decrease in adiposity was observed from category "No stairs, no sport", to "No stairs, sports weekly", to "Stairs, no sport", and finally "Stairs, sports weekly". This consistent univariate association was statistically significant for all indicators (test for trend P-value <0.001 for all indicators, except TSF among men: P-value = 0.002). This Figure 1 suggests that adiposity values were higher among participants taking no stairs in daily life, but doing sports ≥1×/week, than among persons taking stairs, but doing sports <1×/ week. Table 4 , "sufficient protein intake" was positively linked with BMI, WC, and WHR in men. FV intake was positively related to BMI, SISF, and TSF in women. Except for SISF and TSF in men (with similar ß coefficients across PA categories), the gradual decrease in adiposity across categories of increasing PA observed in the Figure 1 was confirmed with multiple adjustment in both sexes (Table 4 ). Unlike men, women living alone had slightly lower BMI and TSF values than women living with someone. Current smoking was strongly significantly negatively associated with all adiposity indicators but WHR in women. Additional adjustment for number of chronic diseases and self-rated health yielded similar results (Additional file 3).
Discussion
In this community-dwelling population aged 65-70, overweight and obesity affected more than three quarters of men, and between half and two thirds of women. Abdominal obesity almost hit half of both sexes. Normal weight abdominal obesity, defined as BMI < 25 kg/m 2 and WC ≥102 cm in men, 88 cm in women, was absent among men, and very rare among women. A gradual decrease in adiposity was almost consistently observed across categories of increasing PA. Adiposity values were higher among participants taking no stairs in daily life, but doing sports ≥1×/week, than among persons taking stairs, but doing sports <1×/week. In both sexes, eating FV ≥2×/day, taking stairs every day, and doing sports ≥ once a week were strongly negatively associated with financial difficulties, and positively with education. The independent and significant negative association of adiposity with PA and education in Lc65+ might be explained by higher fat and total energy intake among less educated persons [33] ; these nutritional items were not assessed. A large European cross-sectional study reported a strong association between low levels of PA (during work and leisure time) and obesity, while adjusting for educational level and total energy intake [34] .
The main limitations of the present study include the lack of data on total energy intake, fat intake, and sugar intake (the MNA does not include any question on dessert or sugar); the lack of information on total energy intake limited the interpretation of the results, in particular for Table 4 . MNA items are categorical and do not allow any quantitative estimation of food intake. Therefore, the present report only presents a few items about eating habits, and does not provide a real dietary assessment. Daily PA and sports frequency were selfreported; a measurement bias could have occurred if participants with higher adiposity values had over-reported their sports frequency, but not their daily PA. To our knowledge, no such a systematic differential bias has previously been described. These analyses could be replicated in studies objectively measuring daily PA and sports frequency. The number of stairs was not specified in the question asked to the participants, nor the number of minutes spent on each of the sports (except that it was at least 20 minutes per session). Therefore, it is not precise enough to clearly establish that there is a dose-response relationship. In addition, the specific benefits of walking and using stairs could not be precisely separated and compared, since a single question addressed both these activities. The sample size was relatively small, thus limiting the generalizability of the findings. This analysis should be replicated in larger samples. The present analysis was cross-sectional: low PA could lead to adiposity [35, 36] , in the same way as adiposity could lead to low PA [37, 38] . The relationship between PA and adiposity should be studied longitudinally. A Swiss study observed that encouraging hospital employees to use stairs instead of elevators during their daily work routine significantly improved cardio-vascular disease risk factors (including WC, body weight, and fat mass) and increased cardiorespiratory fitness after 12 weeks [35] . On the other hand, a small study (involving adults younger than 65 years) reported that experimental weight gain (with overfeeding) reduced objectively measured daily walking distance [37] . In another longitudinal study [38] , weight, BMI, fat mass, and WC predicted sedentary time after 5.6 years of follow-up, whereas sedentary time did not predict obesity. With increasing age, visceral abdominal fat mass increases [4, 8] while subcutaneous fat mass decreases. Increases in fat mass might not be reflected in proportional increases in anthropometric indicators [4] . However, according to Flegal et al. [39] , BMI and WC may be inaccurate measures of percentage body fat for an individual, but they correspond well overall with percentage body fat within sex-age groups and distinguish categories of percentage body fat.
Strengths of Lc65+ include the randomly selected sample, which is representative of the general communitydwelling population of Lausanne aged 65 to 70. Its age distribution is homogeneous, reducing the potential for age-related biases (e.g. selection bias) or confounders. This cohort study offers a detailed description of the socioeconomic circumstances of this age group, which deserves careful attention for planning health services for the next decade. Height and weight were measured. Moreover, five anthropometric adiposity indicators were assessed, allowing examining the consistency of associations.
Lc65+ obesity prevalence estimates are slightly higher than those observed in the same city in CoLaus study [2] , with a prevalence of overweight, obesity, and abdominal obesity of 50%, 23%, and 40% in men aged 65-75 years, respectively 35%, 17% and 45% in women (same definitions in CoLaus and Lc65+). In the Swiss Health Survey (SHS) 2012 [3] , the prevalence of overweight and obesity (self-reported height and weight) was 49% and 17% in men, respectively 34% and 14% in women aged 65-74 years at a national level. However, BMI calculated from selfreported height and weight is underestimated [40, 41] . Studies allowing reliable international comparisons of overweight and obesity prevalence after age 65 years are lacking because of methodological issues (samples not always representative of the general population, differing participation rates, heterogeneous age distributions, measurements versus self-reports of weight and height) [42] . Despite these limitations, several reports suggest that overweight and obesity prevalence among Swiss adults is lower than in other European countries [40] [41] [42] . Several studies have described associations between low socioeconomic status and suboptimal diet [12] and PA [13, 43] , as well as the links of these behaviors with odds for being overweight or obese [44] . In Lc65+, living alone was associated with eating less FV among men, but less meat among women, a finding already observed in the SHS, and in England [45] . Lc65+ women living alone were also leaner; in a Swedish cohort [46] , women "co-habitating" experienced a higher increase in weight and body fat since age 20. Current smoking was consistently negatively associated with adiposity among Lc65+ women, a relationship also observed in CoLaus [2] . As regards daily PA, it has already been observed that pedestrians in lower socioeconomic areas are less likely to climb stairs and more often choose escalators than pedestrians in high socioeconomic areas [43] . Still, a stair climbing intervention was equally effective in both areas [43] .
Conclusions
While the prevalence of abdominal obesity was 45% in both sexes, indicating an important risk of cardiovascular disease [47] , 20% of men and 25% of women avoided using stairs or carrying loads. Whereas obese older persons should be encouraged to practice sports more than once a week [10] , the importance of keeping a high level of mobility in daily life should not be overlooked [35] . In this population, eating habits and PA had strong links with socioeconomic factors, which could be the target of public health interventions [43] . Simple measures about use of stairs in everyday life can provide interesting information on health behaviors. In the present study, these measures had consistent cross-sectional associations with adiposity indicators. In conclusion, this study suggests that walking and using stairs in daily life has stronger negative links with adiposity than doing sports at least once a week.
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